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The intracellular pathway that controls the
cytoplasmic versus nuclear distribution of Gli
transcriptional regulators in response to Hedgehog
signaling remains poorly understood. Iguana
appears to play a role in regulating this process
independently of Hedgehog signaling.
The Hedgehog (Hh) pathway is one of the preeminent
modes of molecular signaling in the developing embryo,
and is highly conserved in organisms ranging from
Drosophila to humans. The vast repertoire of tissues
affected by Hh include the digits in the developing limb,
the wing disc in Drosophila, ventral neural cell types in
the spinal cord and myogenesis [1]. Both ventral neu-
ronal specification and myogenesis are controlled by
high levels of Hh expression in the notochord, a rod-like
structure located just ventral to the neural tube. In
zebrafish, mutations in Hh pathway components are
manifested by defects in the embryonic midline and by
U-shaped somites. Two recent papers by Sekimizu et
al. [2] and Wolff et al. [3] have characterized the iguana
(igu) mutant phenotype in zebrafish, and shown that the
underlying gene, Dzip1, encodes a novel component of
the Hh pathway [2,3]. What makes this protein particu-
larly interesting is that it appears to play a role in the
nuclear regulation of transcription factors that mediate
cellular responses to Hh signaling.
The binding of Hh ligand by its cell surface receptor
results in a series of intracellular signals that, in
Drosophila, result in the modification of the transcrip-
tion factor Cubitus Interruptus (Ci) [4]. Vertebrate
embryos have the additional complexity of three Ci
counterparts, Gli1–Gli3. While Ci acts as both a full-
length transcriptional activator and a truncated
transcriptional repressor, various Gli proteins have acti-
vator (Gliact) and/or repressor (Glirep) roles that depend
on the particular member and the tissue in which it is
expressed [5–7]. In Drosophila, Ci forms a cytoplasmic
complex with Costal2 (Cos2) and Fused (Fu), and is
processed into a truncated, transcriptional repressor in
the absence of Hh signaling [6,8].
This proteolytic cleavage step is mediated by
protein kinase A (PKA), which phosphorylates Ci/Gli,
priming it for additional phosphorylation events that
mark it for carboxy-terminal degradation [9–11]. Thus,
enhanced PKA activity leads to a loss of transcription
of Hh-responsive genes, while inhibiting PKA causes
an increase in Hh-mediated transcription [10]. Another
level of regulation is provided by Suppressor of Fused
(Su(fu)), which is thought to regulate activity by
sequestering Ci/Gli in the cytoplasm through direct
binding and inhibiting Ci/Gli activity in the nucleus
[12–14]. Finally, Ci/Gli contains a nuclear export signal
that prevents Ciact/Gliact from accumulating in the
nucleus [13].
Igu mutant zebrafish embryos have severe
deficiencies in muscle types requiring high levels of Hh
signaling, although they show an expansion of the
expression domains of the Hh-responsive genes
engrailed 1 (eng1) and patched (ptch) in the somites,
and later an expansion of a specific muscle type that
requires a low level of Hh signaling. In addition, ventral
cell identities in the neural tube that are associated with
high levels of Hh signaling and related activation of
target genes are reduced or lost, while Hh signaling
remains restricted to its normal domains [2,15]. Both of
these phenotypic features are consistent with a reduc-
tion in Gliact. In addition, the ectopic signaling in the
somites suggests a reduction of Glirep. 
Igu embryos are refractory to PKA manipulation,
indicating that the mutation acts downstream of PKA
processing, at the level of the Gli transcription factors.
Gli1 is clearly redundant with Gli2 in muscle pattern-
ing, as both factors must be absent for loss of Hh-
dependent muscle types [16]. Compound igu; dtr/gli1
mutants show a more profound loss of expression of
Hh gene targets in the somites, however, suggesting
that Igu acts upstream of Gli factors, and the
enhanced Hh signaling response in igu mutants is Gli-
dependent. Furthermore, Gli2 is unable to compen-
sate for loss of Gli1 activity in the absence of Igu. In
contrast, when Gli2 levels are reduced in igu mutants,
the myotomal phenotype is largely unaffected. The
fact that Gli1 acts exclusively as an activator [17],
while Gli2 may have an additional repressor function,
hints that Gli2 repressor activity may contribute to
these different outcomes. In other vertebrates, Gli3 is
the predominant Gli repressor, but neither study
explored the role of Gli3, an omission that will no
doubt be rectified soon.
Positional cloning of the Igu locus identified an
uncharacterized gene called dzip1. Dzip1 has a single
zinc finger domain and an apparent nuclear localiza-
tion signal. Igu mutant alleles all contain premature
stop codons that result in carboxy-terminally trun-
cated proteins. Significantly, the injection of wild-type,
but not mutant, dzip1 RNA is sufficient to fully rescue
igu mutant embryos. Wolff et al. [3] then showed that
depletion of dzip1 RNA in wild-type embryos pheno-
copied the igu phenotype. Thus the igu phenotype
most likely reflects a loss of function of Dzip1 rather
than a neomorphic action of a truncated Dzip protein.
Importantly, overexpression of dzip1 produces no
phenotype. Together, these data suggest that Dzip1 is
an essential, permissive regulator of Gli function. To
gain insight into the nature of this regulation, both
groups [2,3] examined the cellular distribution of
epitope-tagged proteins. While wild-type Dzip1
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appears to be primarily localized in the cytoplasm, a
significant fraction of a functional GFP-tagged protein
translocates to the nucleus when Hh activation is
simulated by a dominant-negative form of PKA. In
contrast, the mutant form of Dzip1 is highly enriched
in nuclei, apparently because the deleted region
includes a predicted nuclear export signal.
So how does Dzip1 integrate into the current model
for Hh signaling? A specific Hh response in a target cell
is likely to depend on the relative ratio of Gliact and
Glirep forms in the nucleus. Sekimizu et al. [2] favor a
model in which both Gliact and Glirep signaling are
impeded in igu embryos. They interpret the presence of
expanded somitic domains of low-level ptch and eng1
expression as indicative of a loss of Glirep activity. Wolff
et al. [3] suggest a model where Gli2act is impeded
along with a constitutive, low-level activation of Gli1,
which is thought to function exclusively as a transcrip-
tional activator [17]. The main disagreement between
these two models is whether or not Glirep levels are also
reduced in addition to reductions in Gliact. Mechanisti-
cally, both groups [2,3] propose that Dzip1 plays a role
in regulating the nuclear levels of Gli factors, and
thereby the relative ratios of Gliact to Glirep (Figure 1).
The underlying mechanism of this role is not clear. For
example, Dzip1 may act directly in nuclear import, or
less directly in the sequestration of Gli factors in the
cytoplasm thereby preventing import of Gliact and pro-
cessing of Glirep.
These two studies [2,3] raise several interesting
questions concerning the biochemical function of
Dzip1. In agreement with its putative role in regulat-
ing the balance of Gli activities, the Hh pathway
component most similar to Dzip1 is Su(fu). Wolff et
al. [3] show that igu mutant embryos appear to be
hypersensitive to alterations in Su(fu) activity. These
results are consistent with a dual role for Dzip1 and
Su(fu) in mediating the nuclear functions of activator
and repressor forms of Gli. Ultimately, a definitive
resolution of this problem will require a comprehen-
sive examination of the Gli proteins themselves.
Regardless of which specific Gli proteins are
involved, the interaction between Gli and Dzip1 is
likely to be indirect, as Sekimizu et al. [2] claim that
that Dzip1 and Gli1 do not physically interact.
The components of the Hh pathway discovered in
Drosophila have proven to be remarkably well
conserved with vertebrates. However, this discovery
highlights the general lack of knowledge about the
intracellular components of the pathway in verte-
brates. Recent discoveries have indicated that
members of intraflagellar transport proteins are
involved in vertebrate Hh signaling, perhaps by inhibit-
ing Glirep activity [18]. Other proteins, such as Hip and
Rab23 play additional roles in Hh signaling [19,20]. On
the other side, a vertebrate ortholog for Cos2 has not
been identified. Thus, it looks increasingly as if verte-
brate Hh signaling will represent a palimpsest, with
vertebrate-specific members overlying the conserved
core elements of the Drosophila pathway. As a puta-
tive Dzip1 appears to exist in the Drosophila genome
[3], one can imagine that its role in Drosophila Hh sig-
naling is currently under scrutiny.
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Figure 1. A highly speculative genetic model of Iguana activation in vertebrate Hedgehog signaling.
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